Introduction
In the Amazon basin more natural habitat is designated as indigenous reserve, than the total protected in all other conservation units (Rylands 1991; IUCN 1992 ; da Silva & Sites 1995; Peres & Terborgh 1995) . In addition, many federal and state conservation units currently allow extractive activities by native populations. This means the study of native resource use patterns is a critical enterprise in Neotropical conservation.
Recent studies suggest that hunted areas are depleted of game relative to non-hunted areas (Freese et al. 1982; Bodmer et al. 1988 Bodmer et al. , 1994 Peres 1990; Fragoso 1991; Glanz 1991; Silva & Strahl 1991; Vickers 1991; Alvard 1993 Alvard , 1995 , but many of these studies are based on cen-sus methods that are problematic. Specifically, most hunting impact studies to date (1) fail to distinguish changes in encounter rates due to evasive prey behavior from changes in animal density; (2) fail to control for the effects of variables other than hunting that might also be associated with differences in animal density; (3) fail to provide independent measures of human hunting activity in areas assumed to be hunted; (4) are based on data collected exclusively on established trails that animals either avoid or use extensively depending on the amount of human activity in the study area; and (5) are based on repeated transects in the same location, but inappropriately assume statistical independence of data and extrapolate to unsampled areas.
The Mbaracayu Reserve is located in the center of the traditional home range of Ache hunter-gatherers who were removed from the reserve area in the 1970s. The Ache have exceptional knowledge of the Paraguayan forest because they lived completely off wild resources until recently and most adults have spent most of their lives in the forest (Hill & Hurtado 1989) . The challenge to us was to harness that knowledge in a scientifically useful way and provide precise quantitative information on the density patterns of large vertebrates inside the reserve. The two major goals were to acquire baseline large vertebrate density information in the reserve and to measure the impact of legal and illegal hunting inside the reserve. We described animal densities in the reserve previously (Hill et al. 1996 ); here we examine the impact of hunting on animal encounter rates. We developed a method of assessing hunting impact that requires little time input from expensive staff and uses multivariate log linear statistical techniques to isolate hunting from other factors that affect vertebrate encounter rates.
The Mbaracayu Reserve
The 60,000-ha Mbaracayu nature reserve and the surrounding quarter million hectare upper Jejui watershed is the largest tract of undisturbed forest in eastern Paraguay and the second largest (after the combined reserve areas in Brazil and Argentina around Yguazu falls) forested area of the Alto Parana formation of the Atlantic Rainforest. The reserve is located at approximately 55 Њ west and 24 Њ south in an area drained to the west by the Paraguay River. Most of the area is between 150-300 m elevation. Rainfall totals about 1800 mm per year on average and is characterized by extreme unpredictability in monthly pattern from year to year but with a statistical dry season from May to September (Sanchez 1973; FMB unpublished data) . Temperature fluctuations mark seasonality, with average daily low-high temperatures of 14-25 Њ C in July and 22-34 Њ C in January.
Although the area was sparsely inhabited by horticultural Guarani Indians until the Jesuit missions and slave raids of the 17th century, historical documents suggest that only nomadic Ache foragers inhabited the area after the Jesuit expulsion (Hill & Hurtado 1996; Reed 1995) . In 1990 the reserve was purchased by The Nature Conservancy in conjunction with the Fundacion Moises Bertoni (FMB) a Paraguayan conservationist organization. In 1991 the reserve was granted legal status as a national forest reserve by the Paraguayan congress.
The Mbaracayu reserve contains about 90% of the Paraguayan species classified as rare and endangered (FMB 1992) and was chosen as the top priority conservation site in eastern Paraguay using vegetation analysis (Keel et al. 1993) . It includes a remarkable ecozone diversity of forests, rivers, mountains, caves, grasslands and wetlands and within the 60,000-ha reserve there are areas of mature terra firme tropical forest, cerrado (ranging from campo sucio to cerradao), grassland, palm dominated swamps, bamboo (Guadua) forests, riparian flood forests, and a low drier forest type referred to as "kaati" by native Guarani speakers.
The Mbaracayu reserve is also one of the most important endemic bird centers in South America. Over 400 species of birds have been recorded in the reserve in the past 2 years (Madroño & Esquivel 1995 and personal communication) . The mammalian fauna in eastern Paraguay has been the subject of many inventory studies, but no studies to determine absolute or relative densities of the entire array of large mammals. Myers et al. (1996) have recently summarized published and unpublished sources of information and reports 124 mammal species verified in eastern Paraguay. In the Mbaracayu reserve to date we have observed (but not vouchered) 93 species of mammals. A provisional list of mammals is published in Hill et al. (1996) . Comparisons with other Neotropical sites such as Manu Park, Peru show relatively low species diversity in Mbaracayu, however, more species of the following families are found in Mbaracayu than in Manu Park (cf. Pacheco et al. 1993) : Dasypodidae, Erethizontidae, Cavidae, Myocastoridae, Canidae, Mustilidae, Felidae, and Cervidae.
The law that created the Mbaracayu reserve as a legal entity in 1991 states in part: " these groups [Ache] 
The Ache
Since the 1970s the Ache have been "settled" on mission reservations but continue frequent forest treks that may last weeks or months. The Ache economy is centered around hunting mammalian game with bow and arrow, extracting wild honey, and exploiting palm starch and insect larvae. Meat contributes about 60% of the calories in the diet (Hill et al. 1984) Table 1 . The data were collected by direct observation or interviews with hunters after they returned from a trip to the forest. The data suggest a prey composition that is different from that reported at any other South American site (Robinson & Redford 1987) . Because eight species of mammal make up 95% of the biomass hunted by the Ache, we focus on those species throughout this paper.
Hunting in the Mbaracayu Reserve
Both Ache and non-Ache hunters hunt in some sections of the Mbaracayu reserve. The Mbaracayu administration has placed guards at each of five guard stations around the periphery of the reserve to control the entry of nonAche hunters. Although park guards have been effective at eliminating illegal timber extraction and establishment of swiddens within the reserve, they have not been able to completely eliminate poaching by nonAche hunters. Sample sizes are 1980 Sample sizes are , 2191 1981-85, 3513 kg; 1994-95, 4301 kg; 1995-96, 4096 kg.
The Ache have been hunting in the Mbaracayu area for at least a century and began intensively hunting the northwest portion of the reserve when the Arroyo Bandera reservation, with 90 residents, was established near that area around 1980 (Fig. 1) . Ache from the more distant and larger Chupa Pou reservation (about 420 residents) occasionally hunt in the southwest portion of the reserve. The Ache hunt with bows and arrows or by hand during day hunts that originate from their reservation. They also go on extended treks inside the reserve that generally last 3-5 days but can last up to a month.
Non-Ache hunters in the reserve include Paraguayan and Brazilian peasants as well as Guarani horticultural Indians. We refer to all these groups as "Paraguayans." Peasant settlements with hunters include Ñandurocai (40 families), Maria Auxiliadora (80 families), Carapa (10 families), Mboi Jagua (50 families), and Guyra Kejha (80 families). Survey data (unpublished) suggest that only a few hunters enter the reserve from each settlement. Peasants usually engage in tree stand hunting at night with shotguns and target tapir, deer, paca, and agouti under fruiting trees, at mud licks, or in areas baited with corn. Occasionally peasants engage in diurnal hunting in the reserve using dogs and primarily target both species of peccary and armadillos.
Much of the analyses we present employs distance from the point at which Ache or peasant hunters enter the reserve as an independent variable to explain variation in animal encounter rates. Ache hunters nearly always enter the reserve along a single trail from their village, which lies about 2.5 km from the western boundary of the reserve (Fig. 1) . Once Ache hunters reach the reserve boundaries they leave the trail and begin hunting. Thus, the distance from Ache hunters is calculated from the point where their trail enters the reserve. Peasant hunters enter the reserve all along the colonized zones. Distance to peasant hunters is therefore calculated as the nearest distance to a reserve border except in the area of the Ache reservation where no Paraguayan hunters enter. We call the distance from Ache or Paraguayan hunting access point the Ache or Paraguayan DNAP (distance to nearest access point), respectively.
Methods

The Study Area
Ache assistants reported over 80 terms for vegetation type during the course of our data collection. Several of the terms were equivalent (synonymous), but 66 were considered independent and distinguishable as patches of vegetational subcommunities within larger vegetational classes. We aggregated these into eight major vegetation classes. These classes are easily recognized by any Ache forager and K.H. We do not claim they represent the best way to subdivide the Mbaracayu floral communities, but they are relevant to Ache hunters. These eight categories, listed in order from driest to wettest, were (1) low forest; (2) forest dominated by vines and lianas; (3) large bamboo forest; (4) small bamboo forest; (5) high forest; (6) riparian forest; (7) meadow or grassland; and (8) swamp.
Low forests are found on flat dry tableland high above stream drainages and characterized by trees Ͻ 15 m high and usually with a dbh Ͻ 10 cm and none with dbh Ͼ 25 cm. Ground cover is dominated by bromeliads. Medium to high liana forest is found in high flat interfluvial regions far from standing or running water. Ground cover is sparse, but lianas density is high. Medium forests with large bamboo include few large trees and an abundance of Guadua angustifolia bamboo. Medium forests with small bamboo understory are generally 15-25 m high with an abundance of small diameter Merostachys clausseni bamboo at ground level which may grow 1-3 m high and at times can be dense. High forest is the most common vegetation community in the Mbaracayu reserve and is described in detail in Hill et al. (1996) . It is found at intermediate elevations above the water table on gently sloping ground. The basal area of tree species Ͼ 10 cm dbh is 39 m 2 ր ha in high forest (Keel 1987) . Ground cover in high forest is generally sparse including low ferns and heliconias or bromeliads. The forest on the downslope near streams and rivers is generally richer in fruit species, higher, and even easier to walk through. We treated these riparian forests as a separate forest type (and so do the Ache). Grasslands are areas of open meadow with patches of cerrado vegetation. They are usually wet during part of the year and are characterized by poor drainage and a layer of black organic matter overlaying white sandy soils. Swamps are sparsely forested areas that are wet throughout the year with standing water up to 0.5 m deep during some parts of the year.
Field Procedures
The field method of game censusing consisted of a stratified random sample of diurnal walking transects through the Mbaracayu reserve. Most starting points were subsampled from locations along the dirt road running east-west and bisecting the reserve, but about 10% of transect sample days commenced in the middle of the reserve after camping overnight. In the second year of the study we carried out 5 days of transect censusing in the forest belonging to the two Ache reservations. Transect directions were generally restricted to north, south, east, or west in order to limit transect overlap. All absolute locations during the study were determined using a Trimble Pathfinder Pro Global Positioning System (GPS) receiver. Relative walking distance along a transect, however, was measured using a string box and is considerably more accurate.
Transects were walked by a team of five native assistants and a data recorder. All researchers walked in parallel along a single transect line. Four native assistants spaced themselves at approximately 25 and 50 m on either side perpendicular to the transect line, and one walked directly on the transect line about 5 m ahead of the data recorder. In essence five parallel transects were walked simultaneously on each day with about 25 m spacing between them. Each assistant carried a VHF radio to communicate with the data recorder. The data recorder coordinated the team movement along the transect by radio and carried the GPS unit and a string box which was used to measure progress along the transect with a readout to the nearest centimeter. Each transect began at the specified GPS location and proceeded toward a specified compass bearing throughout the day. Transects passed through whatever vegetation was encountered but were temporarily suspended in water deeper than 0.5 m. They continued on the far side of whatever body of water (swamps, streams, rivers, etc.) had to be crossed.
After receiving a radio signal from the data recorder each native assistant began walking along the transect or parallel to it depending on position. Team members walked at a rate of about 1 km per hour (verified by time entries and string box distance measures). Native assistants were occasionally veered a few meters each side of the transect in order to verify that burrows they encountered were occupied. When the data recorder reached 200 m, as measured on the string box, he instructed the field assistants to stop and report encounter data. Assistants, in sequence, reported over the radio: (1) vegetation type at stop point; (2) all encounters during the previous 200 m with all large vertebrates or their fresh signs; (3) distance perpendicular to the progression line for each encounter; and (4) whether or not the encounter would have led to a hunting opportunity and a variety of other information relevant to an ongoing study of economic decisions of local hunters. The data recorder made progressive entries concerning time of day, weather, and landmarks. The data recorder took an averaged GPS reading every 600 to 800 m along the transect to estimate the absolute location of the transect within the study area for later analyses. Absolute location between GPS readings was estimated by interpolation. (The locations of the first 54 transects are shown in Fig. 1.) Native research assistants from the Ache tribe were trained for 1 week prior to beginning data collection. All had extensive experience hunting in the area and were born inside the study area. They practiced radio use, learned basic concepts of mapping, compass, and GPS use, and practiced distance measurement and verification using a rangefinder, metal tape, and stringbox. Assistants were familiar with the western numbering system prior to the study but could not read or write. Transects generally began between 0700 and 0900 and lasted until rain forced a termination of work or around 1200 hours. After a break, work resumed for 1-2 more hours. Researchers covered between 2-5 km per day depending on weather, forest conditions, and number of obstructions (swamps, rivers, etc.). Some transects began as early in the day as light would permit and some started later in the day and ran until dark.
Encounters with target species were recorded for all mammal, bird, and reptile species that native assistants judged to be larger than 0.5 kg mean body weight. Two types of encounters were recorded: (1) animal seen, heard, or found in burrow and (2) fresh signs of the animal or fresh feces encountered. All encounters of the first type were lumped together for analyses into a category we referred to as "direct encounters." This category was considered equivalent to an "encounter" in most other studies, with little doubt that noises made by certain animals, in combination with fresh tracks, allowed for positive identification even when the animal was not visually observed. Occupied terrestrial burrows were also included in this category. Assistants confirmed presence of an animal in its burrow by flushing it or by introducing a long vine and getting the animal to move inside. In a few cases Ache assistants insisted an animal was inside (by certain signs, smell, etc.) even when they could not get direct confirmation, and we counted these instances.
Encounters of the second type were aggregated for analyses into a category we called "indirect encounters." Fresh signs of an animal were only reported if Ache assistants estimated the signs to be less than 24 hours old. These signs included tracks, feeding disturbance, territorial markers, beds and nests, urine, scent, body excretions, etc. The time cutoff at 24 hours led to some ambiguities but in general our researchers were in agreement with each other about which signs did or did not meet that criteria. Human signs within the study area were recorded if judged to be less than 1 year old. These included tracks, broken or cut vegetation, hunting blinds, camps, refuse, traps, and tracks of horses. Ache researchers claimed to be able to distinguish signs of their own people from those of non-Ache by a variety of clues.
Because of the way transects were walked, multiple encounters with the same animal were possible. For statistical analyses, however, encounters were only scored for the individual closest to the animal. This means that direct encounters are statistically independent. Tracks from the same animal discovered in adjacent 200 m units were reported in each unit; thus, for animals that cover large distances, track encounters were not always independent. It is nearly impossible to remedy this problem because it would require all five assistants to recognize individual animals whose tracks had been seen by any of the others in the previous 200-m unit. Statistical analyses of every other risk unit, however, can alleviate this problem when the sample size is large.
Analytical Methods
We considered each 200 m of our line transects as a unit during which observers were at risk of encountering a variety of animal species. Thus, our statistical analysis aimed to estimate the probability of a specified encounter in a 200-m "risk unit" under specified conditions. This approach has the advantage that it does not require any absolute animal density estimate. It thus avoids the use of transform methods that are commonly but inappropriately used to estimate densities of animals that move rapidly away from observers (Burnham et al. 1980) . Although our data were analyzed as rates of encounter, there are methods for estimating total area sampled for each species, thus we can produce absolute density estimates equivalent to those in other studies (Hill et al. 1996) . Here we assume that encounter rate per 200 m is a monotonically increasing function of density, thus statistical conclusions drawn from encounter rate data are likely to apply to density patterns as well.
Hazards models (Kalbfleish & Prentice 1980; Allison 1984; Tuma & Hannan 1984; Blossfeld et al. 1989 ) are designed to statistically isolate the effects of certain variables on the probability of specified events taking place during a specified risk unit. Because encounter rates on line transects are the most convenient way to monitor resources in large areas, hazard rate analyses are highly appropriate.
We used logistic regression (Aldrich & Nelson 1984) to model association with a two-state dependent variable (encounter or no encounter). The risk unit for a potential event was a 200-m segment of the transect line. The statistical technique is therefore equivalent to discrete time logistic regression (Allison 1982; Blossfeld et al. 1989 ) except that our risk unit is a discrete distance category.
This analytic technique allows us to assess the impact of categorical variables (e.g., forest type A or B) and continuous variables (e.g., distance from a human population) on the probability of an event happening (e.g., an encounter with a deer). Most importantly for this type of study, hazards models can be multivariate so that one can eliminate (control for) the effects of variables that might affect encounter rates with particular animals (such as weather, habitat type, season, year, time of day, observer, position in the transect formation, etc.) in order to isolate the impact of human use patterns on game encounter rates.
Results
Encounter Rates
The first 91 days of field work between June 1994 and January 1996 resulted in a total of 1,426,000 m of line transect data or 7130 risk units of 200 m each. The set of all large mammals and selected birds and reptiles that are important in the Ache diet and were encountered during transect censusing is shown in Table 2 . The table illustrates the importance of collecting data on indirect manifestations of a species presence rather than on direct encounters only. Eight species of mammals were encountered directly more than 10 times, and eight additional species were encountered directly at least once. However, we registered indirect encounters with 12 mammalian species for which no direct encounter took place. Thus, nearly one half of the total mammalian species encountered were recorded only because of the collection of data on recent signs and feces. Finally, there were at least 10 species of large mammals for whom no encounter was recorded during our sample period (Hill et al. 1996) despite the fact that we observed all these species or their signs while hunting during recent years. 
Hunting Activity and Covariance with Other Factors
The data base generated by the transect censuses can be used to map all encounters throughout the reserve for any species. Some apparent effects of hunting can be visually detected. For example, there were few encounters of Dasypus on transects near the Ache reservation relative to the number encountered in the remote areas of the reserve (Fig. 1) . To determine whether these patterns are associated with human hunting, however, one must first ascertain whether hunting activity is more prevalent in areas near human settlements. Second, one must statistically control for other variables that might affect animal encounter rates and could confound the interpretation of the hunting impact on encounter rates. The probability of encountering signs of hunters in the reserve drops rapidly and is nearly zero at distances greater than 10 km from the nearest access point into the reserve (Fig. 2) . Although our data demonstrate that distance from nearest access point (DNAP) for a hunting population is a good measure of hunting pressure, many other factors we recorded during our study also covary with DNAP. We examined effects of four non-hunting variables that we recorded systematically on every transect and expected to affect animal encounter rates. Those variables are season of the year (dry in May-September), whether the wind was blowing when the data was collected, time of day (morning, 0500-0900; midday, 0900-1400; afternoon, 1400-1800), and habitat type (defined in the methods section). We divided all transect areas into five categories: (1) the Ache reservations; (2) zones close only to the Ache (Ͻ3 km Ache DNAP, but Ն3 km Paraguayan DNAP); (3) zones only close to Paraguayans (Ͻ3 km Paraguayan DNAP, but Ն3 km Ache DNAP); (4) zones close to both Ache and Paraguayans; and (5) zones distant from both Ache and Paraguayan hunters (Ն3 km Paraguayan DNAP and Ն3 km Ache DNAP).
The encounter rates with hunters were higher in the zones nearest them (Table 3) . For example, signs of Ache hunters were reported in 17.8% of all risk units on Ache reservation land, compared to only 0.7% of all risk units more than 3 km DNAP from either Ache or Paraguayan hunters. Likewise signs of Paraguayan hunters were more common in the zones near only to them (5.5%) than on Ache reservations (0%) or zones distant from both Ache and Paraguayan hunters (0.6%). Many of the important game animals were more likely to be encountered in zones distant from hunters than in the zones nearest to Ache and Paraguayan hunters (Table 3) . Encounters with signs of Dasypus took place in only 31.9% of risk units on the Ache reservations but steadily increased to 74.8% of all risk units in the zones most distant from all hunters. These results cannot be used to assess hunting impact, however, because other variables that probably affect game encounter rates also covary with hunting zone.
The four non-hunting variables we examined were not equally distributed among the hunting zones of our sample (Table 3) . For example, none of the reservation risk units were sampled in the dry season despite the fact that 55.9% of the risk units in zones distant from hunters were sampled in the dry season. Likewise, the area close to Ache hunters was sampled when the wind was blowing more often than in other zones and is also characterized by very little small bamboo forest and an abundance of high forest and swamp relative to zones distant from hunters. The area nearest to Paraguayan hunters is characterized by an abundance of large bamboo and was sampled in the afternoon more often than other zones. If these variables affected game encounter rates, those effects must be statistically controlled in order to isolate the impact of hunting activity on animal encounter rates.
Covariates of Animal Encounter Rates
To determine whether non-hunting variables are partially or totally responsible for differences in animal encounter rates in different hunting zones, we examined the effects of the four non-hunting variables described above on animal encounter rates.
The odds ratio for the association between each nonhunting variable and encounter rate with signs of hunters or one of the eight species analyzed is the ratio of the odds of an event when the independent variable takes its two categorical states (Table 4) . For rare events the odds ratio is approximately the same as the ratio of the probabilities of an event under the two conditions. When a categorical variable takes more than two states, the odds ratios are calculated against one state which is the control. For example, the data in Table 4 shows that Mazama is 2.273 times as likely to be encountered in the dry season as in the wet season, signs of Cebus are 1.987 times as likely to be encountered in the morning as during mid-day, and Tapirus is 4.89 times as likely to be encountered in a risk unit of low forest as in a risk unit of high forest. It should also be noted that the maximum likelihood model sometimes failed to converge when the number of events for any categorical independent variable is very small.
The analyses show that season, weather, time, and habitat variables are all significantly associated with encounter rates for some animals, and that the encounter of all eight species as well as human hunters are all associated with at least one of the four non-hunting variables. Signs or encounters with Tapirus, Mazama, Cebus, Nasua, and Agouti are all more common in the dry season. These could indicate different seasonal activity patterns for these species, or the abundance of signs in a particular season could simply be due to easier detection of tracks and signs under certain weather conditions. Additionally, encounter rates were lower during the warm-wet (fruiting) season for all the vertebrates we examined except Dasypus. Perhaps frugivorous species rapidly satiate with fruit during that season and then spend their time resting, which makes them difficult to encounter and more likely to hear approaching humans and adopt avoidance tactics.
Whether the wind was blowing was also associated with encounter rates for some animals and their signs. It should be mentioned that the wind blows more frequently in Paraguay during the dry season and especially on cold days, so this variable may show association patterns not simply attributable to wind. But Ache hunters did suggest that terrestrial animals are encountered more frequently in the wind because they sleep during the day and cannot hear hunters approaching, whereas arboreal animals are more difficult to encounter when the wind is blowing because hunters cannot hear them foraging. There were no significant associations between time of day and direct encounter rate with any of the main game animals. Several species were, however, characterized by an increase in the encounter with fresh signs in the morning relative to mid-day. Finally, all animals but Nasua (which was encountered very few times) appear to show significant habitat preferences. These cannot be simply due to the preference of hunters because the same habitat preferences are seen in unhunted zones of the reserve. Human hunters also show some habitat associations but most of these are explained by the proximity of certain forest types in abundance near human settlements (Table 3) . Ache hunters, however, show an apparent preference for hunting in riparian forest even though it is not abundant near their settlement. This agrees with informant statements suggesting the favorite Ache hunting strategy is to walk along one side of a watercourse for some distance and then back along the other side.
Our data appear to confirm several aspects of Ache forest lore. For example, the Ache state and our data agree that Cabassous inhabits low forest (data available from author), whereas Dasypus lives in high forest and avoids meadows and large bamboo; Cebus and Nasua show the same vegetational preferences for riparian forest and large bamboo; and Tapirus and Agouti are especially common near water but this is not true for Mazama or Dasyprocta. The data strongly suggest that vegetational community is a variable that should be controlled in order to characterize the impact on human activities on animal encounter rates.
Multivariate Hazard Models of Encounter Probability
Multivariate logistic regression including DNAP and the four non-hunting variables can be employed to isolate the relationship between hunting zones or distance from the point at which Ache hunters enter the reserve and the encounter rate of target species in this study even when other variables significantly affect encounter rates. Results (Table 5) No species showed a decrease in direct encounter rate in hunted area without a decrease in indirect encounters in the same area (Table 5 ). This suggests that decreased encounters with game in hunted areas is due to animal absence not just an increase in wariness or flight distance. Additionally, only two species in this list, Tapirus, and Dasypus, show significantly lower encounter rates in zones that are only near Paraguayan hunters. Tapirus is the only species that shows lower encounter rates in zones only near Paraguayan hunters than in zones only near the Ache. Third, Ache reservations show significantly higher encounter rates with signs of Mazama and Tayassu t. than are found in zones distant from all hunters. This is true despite the fact that signs of Ache hunters are 30 times more common on the reservation than in the distant zones of the reserve. Finally, in order to examine the shape of the relationship between encounter rate and Ache DNAP we repeated the analyses with DNAP aggregated in 3-km intervals for the four species that appeared to be depleted near the Ache. Encounter rates with signs of all four species suggest depletion only in the region closer than 6 km DNAP (Fig. 3a-d) . Encounter rates with signs of all four species seem to asymptote in the region further than 6 km DNAP. The same pattern is seen for direct encounters of Dasypus, Cebus, and Tapirus. Hunting seems only to decrease encounter rates in zones closer than 6 km DNAP. Direct encounters with Mazama, however, show no clear spatial pattern, and suggest that factors other than those entered in the model are associated with a good deal of variation in Mazama encounter rates.
Discussion
When potential confounding variables were controlled statistically, only Dasypus, Cebus, Tapirus, Mazama, among the most hunted game animals, showed statistically significant increases in encounter rates as DNAP increased. Peaks and valleys in the encounter rate by DNAP curve, as well as rather large confidence intervals, suggest there is still much to be learned about the determinants of animal densities inside the reserve (e.g., Mazama, Fig. 3d ).
Several important lessons from this study could apply to other projects that attempt to measure the impact of hunting on animal densities. First, the encounter rate with all species in our study covaried significantly with some non-hunting variables, suggesting that statistical analyses must include controls for potentially confounding variables. Second, a quantitative demonstration that some zones are more hunted than others is required in order to assess causality. In our study signs of human hunters decreased rapidly with distance from the point at which they enter the Mbaracayu reserve, allowing us to quantitatively assess hunting activity in comparison zones.
Third, the use of indirect encounter data to complement what is learned from direct encounters seems use- ful. Native skills at recognition of animal signs allowed us to use indirect evidence of species presence, thus eliminating the possibility that encounter rates were lower in hunted zones only because of avoidance tactics by species of interest. The use of animal signs is complicated, however, by the fact that activity patterns and the types of signs that animals leave may differ considerably between habitat types. Also, the visibility of animal signs probably varies across some of the habitat types we examined. This means that changes in the encounter rate with animal signs can only be interpreted if habitat effects are statistically controlled.
Fourth, logistic regression appears to be a powerful tool for isolating the variables that affect encounter rate. This method has some advantages and some disadvantages when compared to distance sampling density estimates. Logistic regression is well designed for multivariate analysis and the examination of effects by continuos variables, whereas distance sampling techniques are not. Logistic regression, for example, can easily be used to examine simultaneously the effects of season, habitat, and hunting activity on animal encounter rates. No statistical method we have seen used in distance sampling could analyze simultaneously these effects on animal density. Current distance sampling density methods cannot be used in regression without adopting variance components analysis, which is somewhat complex. Logistic regression allows for analysis of factors that affect detection probability on the line, whereas distance sampling techniques assume that probability is always one. This is especially important if an unknown proportion of animals move away from the line without being detected. Finally, logistic regression produces information on encounter rates with target species, which is critical for many models of human predation behavior.
Distance sampling methods to assess density have several advantages over the analysis of encounter rates. Most importantly they are not affected by most causes of variation in animal encounter rates and they essentially correct for detection variation (at distances away from the line) regardless of the cause, in order to produce robust density estimates (Buckland et al. 1993) . They are characterized by clearly defined variance and confidence intervals that allow for direct comparison among a small number of strata if the sample size of transects is adequate. Additionally, there are rapidly developing statistical techniques for use with density data that may soon overcome most of the disadvantages (K. Burnham, personal communication) . Finally, they produce density estimates, which are of primary concern to most researchers.
The encounter rate analysis we employed can not determine if encounter distance for target species covaries with conditions of interest. If encounter distance does covary with distance from hunters or vegetation class, for example, we may find spurious changes in encounter rate when density is constant or apparently constant encounter rates when density varies. We examined this possibility for our own data and found no significant differences in mean encounter distance between zones close and far from Ache hunters (data not shown). Because changes in direct encounter rates were mirrored by changes in indirect encounter rates in our study and because mean encounter distance did not differ across hunting zones, we conclude that differences in encounter rate as a function of distance from hunters (Table 5) are due to differences in animal densities.
We have been able to show that encounter rates are lower near human hunters for some species but not others; however, we did not address whether current hunting levels are sustainable. The changes in encounter rates with DNAP shown in Figs. 3a-d suggest that demonstrating depletion near hunters may be irrelevant to the question of sustainability because even depleted species seem to show normal densities at distances greater than 6 km from the point at which hunters enter the reserve. We estimated the proportion of each important game species that is harvested from the Mbaracayu reserve by Ache hunters. Those estimates ranged from 0.4% for Tayassu p. and Mazama to 7.6% for Agouti (Hill et al. 1996) . Such rates are not likely to endanger any of these species within the Mbaracayu reserve. This conclusion is supported by analyses shown in Table 5 . In the first 2 years of data collection we found no evidence of a decrease in the encounter rate as a function of transect date for any species, once distance from hunters and other non-hunting variables were controlled (Table 5 , last row).
Some authors have recently asserted that conservation of a complete set of floral and faunal species requires areas inviolate to human use (e.g., Robinson 1992; Peres & Terborgh 1995) , but this conclusion has not been supported with relevant data. The demonstration of some localized depletion due to human hunting is not sufficient to assert that species will be lost in a large protected area if humans are allowed to harvest food resources in that area at a low level. The fact that the species present today have coexisted with humans for at least 12,000 years and that humans have always been an active component of the current Neotropical milieu provides a strong argument to the contrary. As far as can be discerned, there were no uninhabited areas of the Neotropics at European contact (Denevan 1992) , there have been no large uninhabited areas in the time since European arrival (Steward 1944 (Steward -1949 , and most areas that are now targeted for biodiversity conservation are currently or have been used recently by native people (Lizarralde 1993) .
It should be emphasized that because the earliest native populations spread through the Neotropics prior to the terminal Pleistocene extinctions (Meggars 1982; Roosevelt 1994) , the current set of Neotropical species has never existed as a "natural community" without hu-man activity. Humans have acted as predators, competitors, and seed dispersers in the Neotropics for at least 12,000 years. They have disturbed and restructured forests through swidden agriculture for at least 5000 years (Balee 1994) . Humans are a natural top predator of the Neotropics, their presence and activities, as practiced traditionally, are just as natural as those of jaguars, anacondas, or Harpy Eagles. The removal of top predators from any area is an ecological gamble, that may threaten biodiversity and result in a community structure that is anything but natural (Glanz 1990; Janson & Emmons 1990; Terborgh 1990) . Conservationists should concern themselves with whether human hunting patterns in an area are sustainable rather than whether they can be shown to affect local densities of game species.
